Compact Hyperspectral Mapper for Environmental Remote 

Sensing Applications (CHyMERA) 



IMSTRUMENTS 





CHyMERA addresses the need for NASA’s ESE post EOS 
missions in the area of atmospheric chemistry 
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CHyMERA Organizational Chart 
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Data Review Package : 






1.1 Project Goals - Concept Overview 
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Instrument validation 
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Detector noise and functionality has been measured. 














2.0 Phase I Results: Requirements analysis initial breadboard results 
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Data Review Package 




2.1 Wavelength selection 



others such as Rayleigh, Ring spectra, 0 3 , 0 4 , H 2 0, and noise. 





Best pair derivation using Fritz peak data 
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439.32/437.72 nm tracks multi-wavelength to 2el5 cm-2 when shifted by +/- 0.1 nm. 

retrieval to 2el5 cm' 2 . 







Minimum retrievable N0 2 amounts using multiple wavelengths 
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Figure 2.1.2a: Ratio of S0 2 to 0 3 cross-sections. 
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Strip filter/Linear variable filter layout 
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(56 x 1024 pixels per filter) 







Example of N0 2 wavelength filter cross section 
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•Location of measurement on witness sample may be important. 
Additional intercomparisons are needed. 






Initial breadboard results: strip filter CWL and bandpass 
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Figure 2.1.3c: Strip filter bandpass. 



Initial breadboard results: strip filter integrated out-of-band 
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Design specification for in-band to out-of-band is > 100. 
All filters meet this except 310.7 nm channel. 







2.2 Design Requirements: Signal-to-noise ratio calculations 
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Figure 2.2a: Typical nadir radiance. 







*1 3 

si g 

O 



■s a 

M O 


"0 

<4-i 

« 

e 

3 

o 

• ^ 
T3 

g 

c 

C 

M 

o 

o 

c fl 

•05 

o 

> 

J3 

60 

Pt 

z 

'o 

<Z5 

e 

• vH 
4— > 

<L> 

-C 

3 

ri 

J-H 

60 



£ 

X 

* 

<D 


Oh Oh 
T3 § 

§ ^ 
8 *2 
& § 
’g o 
§ l 

a> c 

0 " 

g ® 

1 ti 

o o 

Y Cin 

2 60 
§> o 

CL 

& 3 

*8 i 

3 g 

Oh C 

X 2 
W 5 i 

«/3 

a C 

• • i-H 
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^ Signal-to-noise > 1000 achievable on 15 km ground scale for SO 




Implications of results of sensitivity analysis 
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2.3.1 Telescope Design 






2.3.2 Initial breadboard results: PSF 



Figure 2.3.2a: Telescope point-spread function. 






2.4 Detector system specifications and initial measurements 
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Data Review Pucka 





2.4. 1 Detector System: Initial results 



Single pixel full- well SNR = 515. 





2.5 1 st system end-to-end test using strip filter array 

S0 2 /0 3 Channels 



1/20/2000 UKMhRA hmJ di puns* 

Data Review Package 26 






CHyMERA Phase I Schedule 



End-of-phase Data Review Package 






2.6 Phase I Costs Summary 
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3.1 Complete breadboard testing and finalize prototype design 
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Finalize any design changes. 
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3.3 Instrument Synthesis and Analysis Lab (ISAL) 
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Appendix A - Washington State University N0 2 Study 
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First Year Report: Washington State University 

CHyMERA 

Compact Hyperspectral Mapper for Environmental Remote Sensing 

Applications 

George H Mount 

Laboratory for Atmospheric Research 
Dept, of Civil and Environmental Engineering 
Washington State University 
Pullman, WA 99164-2910 

23 December 1999 


I. Work Accomplished to Date 

Funding from the CHyMERA project paid for 6 weeks of PI salary and travel. 

a) participated in the detailed definition, on-going development, and optical design of the 
CHyMERA project and instrument 

- attended two meetings at Goddard Space Flight Center (February, May) 

- prepared several reports (below) 

b) performed calculations for determination of N0 2 sensitivity levels given instrument 
performance parameters 

- N0 2 pair evaluation 

- null pair evaluation 

- wavelength shift problems 

- filter calculations 

- atmospheric temperature vs cross section effects 

c) reports prepared for the CHyMERA group (appended to this document): 

1. 23 Feb 1999 - N0 2 calculations for temperature dependence of cross sections; comparison of 
1 and 2 nm spectral resolution and effect on wavelength pairs 

2. 25 Feb 1999 - specification of central N0 2 filter wavelengths and errors 

3. 12 March 1999 - N0 2 central wavelength pairs (preliminary) 

4. 24 March 1999 - N0 2 central wavelength pairs 

5. 26 March 1999 - Effect of shifts in filter bandpass on derived N0 2 

6. 30 March 1999 - Null pair specification 

7. 7 April 1999 - N0 2 central wavelength pair calculations 

8. 30 May 1999 - N0 2 atmospheric temperature dependence problems 

II. Plans for Second Year 

Funding from the CHyMERA project will pay for 6 weeks of PI salary and travel. 

a) continue N0 2 sensitivity calculations as required 

b) participate in calibration and validation of the CHyMERA instrument 

- participate in meetings and laboratory work at GSFC 

- bring the WSU ground based N0 2 instrument up to speed for comparison with the CHyMERA 
instrument at WSU. This instrument has many years of operation providing excellent ground 
based N0 2 abundances. 


- the instrument has not been run for over two years, so a complete checkout will be 

required 

- relocation of the instrument from the laboratory to observing area will be required 

- set up laboratory space for the CHyMERA team 

- be prepared to reduce the data from the WSU instrument 

- compare the reduced WSU instrument data with that from CHyMERA 

- be prepared to host the CHyMERA team 


CHyMERA NO, Calculations 
G. H. Mount 
23 February 1999 


Response to some of the action items from the 11-12 February meeting: 

Note: all wavelengths in this report are air wavelengths. 

1. Temperature Dependence of Cross Sections, and data reduction problems 

The NOj cross sections are temperature dependent. Figure 1 below shows reduction of 
the ratio of zenith sky data taken at 90° and 83° solar zenith angle (real data) at about 0.6 nm 
resolution using room temperature N0 2 cross sections. Since the N0 2 layer is at about 27 km 
altitude in the stratosphere (temperature 230 - 240°K), use of room temperature cross sections is 
inappropriate (but commonly used by many groups). It produces a systematic residual in the 
least squares fitted spectrum that shows clear spectral structures, all caused by removal of a 
wider than physically correct N0 2 cross section from the narrower stratospheric N0 2 lines. 
Virtually all of the structure shown here is real, not noise, and can be easily deduced from the 
warm/cold cross section data. 
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Figure 1. The reduced ratio of a 90° and 83° zenith sky measurement made at Fritz Peak 
Observatory with the NOAA NDSC instrument (now at WSU). The structure is caused by 
removal of a room temperature N0 2 cross section from cold stratospheric N0 2 data. 

Figure 2 shows high resolution temperature dependence at stratospheric temperature - room 
temperature to 240°K, the value that we are choosing for the CHyMERA data analysis. The 
warmer lines are wider and show shallower peaks and valleys. This is high resolution and the 
differences are clear and large. At lower resolution the effect will be reduced. 



Figure 2. The temperature dependent structure of N0 2 at 240 and 291°K at high spectral 
resolution (from Harder ,Brault, Johnston and Mount, 1997) 

Figure 3 shows the data from Figure 2 smeared to 1 nm spectral resolution and ratioed. The 
differences are not trivial and will vary with the actual atmospheric temperature relative to 
whatever temperature is chosen for the data reduction, which means that the CHyMERA data 
analysis is going to have a problem with temperature dependent N0 2 structure from the cold 
stratosphere to the warmer troposphere, all of which is in the same column of N0 2 . The 
stratospheric layer at 27 km needs to be reduced at lower temperature than the warmer 
temperature data more characteristic of the planetary boundary layer and/or lower troposphere. 
The problem will come from crossing spatially from one region characterized by some mixture 
of strat/trop temperature structure to a different spatial region with a different structure which 
will modulate the ratio of the wavelength pair. An average tropospheric temperature will be 
below room temperature, but getting a good number that will be some average of the data is 




going to be difficult. Attempts have been made to use the different structure to work on both 
regions simultaneously, but there is usually not enough information in the data to do this very 
successfully. A good fit is always obtained because there are too many degrees of freedom in the 
algorithm. We need to carefully consider the effects of temperature dependence in reducing the 
data. It will be doubly difficult with only wavelength pairs and the lack of substantial spectral 
information. The linear filter may solve some of the problems since it carries a lot of 
information. The 5-10% change over the 55°C shown here is extreme, but much larger than the 
small changes we are searching for (tenths of percent). 



air wavelength (nm) 


Figure 3. Ratio of +20 to -35°C N0 2 cross sections at 1 nm spectral resolution. This is perhaps a 
little extreme at 55°K temperature difference, but very instructive nonetheless. 


We need to assess the effect of N0 2 temperature on data reduction for the wavelength pairs we 
choose. +20°C to -35°C is too big a temperature range, but with may not be too far off for actual 
ground level N0 2 in urban areas to real stratospheric temperature. For background troposphere, 
we would probably use a smaller number. Eric and I are using 240°K right now as an average 
tropospheric value - that is probably too low. 



2. Compare 1 nm and 2 nm resolutions to see how much is lost by going to the 2 nm linear 
variable filter from 1 nm filters using wavelength pairs. 

Figures 4-7 show N0 2 cross sections at 238°K as measured at 0.003 nm resolution with a 
wavelength scale accuracy of about 1 part in 10 7 . These measurements were taken by Harder, 
Brault, Johnston and Mount (J. Geophys. Res., 1997, 102, 3861, 1997) on the FTS at Kitt Peak 
National Observatory. The cross sections have an absolute accuracy of 4%. Figure 1 shows the 
entire measured spectrum. 
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Figure 4. N0 2 cross sections as measured by Harder, Brault, Johnston and Mount (JGR , 1997). 
Resolution is 0.003 nm, air wavelength scale accurate to < 1 part in 10 7 . 
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Figure 5. Main spectral region of interest. 
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Figure 6. High resolution spectrum near the pair 439/442, a standard pair for N0 2 measurement, 
showing the spectral structure. 
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Figure 7. The spectral region right at the 439 nm peak showing the spectral structure as well as 
the sampling interval for the data used in this analysis (the data is oversampled). Note the 
virtually nonexistent noise on this data. 

The N0 2 cross sections were smeared with 1 nm and 2 nm FWHM Gaussians. Figure 8 shows 
this for the region of interest, 400 -500 nm. Figure 9 shows the spectrum smeared to 1 nm in the 
region of the 439/442 wavelength pair. 
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Figure 9. 1 nm N0 2 cross section at the 439/442 nm pair showing the low resolution structure. 



c 

o 


o 

o 

CO 

<0 

o 


o 




400 420 440 460 480 500 

air wavelength (nm) 


Figure 10. Low resolution Gaussian smeared spectra at 1 nm and 2 nm resolution, 400 -500 nm. 
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Figure 11. Ratio of 1 and 2 nm Gaussian smeared cross sections. 

So just looking at the cross section ratios, it appears that the loss of N0 2 abundance recovery will 
be about 20% going from 1 nm to 2 nm spectral resolution, a fairly small number. If we choose 
spectral pairs not near the larger peaks in this ratio, the loss may be somewhat smaller. When we 
redo the analysis with actual sky data instead of just the cross sections, I would expect that the 2 
nm smearing will make the Fraunhoffer and Ring spectra smoother and thus, the reduction will 
be a bit more robust. But there is no getting around the differential cross section differences. 

Thus, the loss with the 2 nm filter will be small, on the order of 20% of the derived N0 2 
sensitivity relative to the 1 nm data. This small loss at 2 nm makes the filter even more valuable. 
We should definitely implement it. 




Conclusions: 

(1) Clearly whatever temperature we choose, we cannot properly reduce the full column since 
the stratosphere is always cold and the troposphere always not nearly so cold. Using two 
temperatures for two layers probably gives too much leeway to the reduction algorithm so the 
solution is not unique. The percent differences between +20°C and -35°C are large at +5% 
between peaks and adjacent valleys. We need to think hard about how this is going to affect the 
filter pair measurements as we scan over regions of varying vertical temperature structure. 

(2) The linear filter is a must. The 2nm resolution is only about a 20% loss relative to lnm. 

Action items: 

(1) Don should give us the length of the filter in the dispersion direction so we can calculate the 
filter spectral sampling 

(2) Don should give us a take on nonlinearity of the filter dispersion with wavelength (i.e. is it 
linear or nonlinear; if nonlinear, is it nonlinear in a predictable way, or does it just wander 
around due to impurities and imperfections in the filter glass) 

(3) How are we going to measure dispersion linearity and constancy of the filter bandwidth? [ 
solar spectrum from scattered light ] 

(4) We need to discuss and assess the effects of temperature dependent cross sections on the 
tropospheric analysis as the spatial vertical temperature structure changes - this could be a big 
effect. 

(5) Does the satellite velocity screw up the wavelength pairs due to Doppler shift? 



CHyMERA Filter Calculations 
G.H. Mount 
25 February 1999 

Response to action items from the 11-12 February meeting: 

3. Specification of central wavelength error for the filters. 

Specification of the central wavelength error of the filters is very important. Barr will not 
succeed in centering them exactly, so we will need to give them a specification. As a first order 
cut at answering this question, I did some simple experiments with Gaussian shaped filters and 
came up with the following graph. 

The simple method used was to generate a Gaussian of FWHM 1.00 nm and then to shift 
it by various amounts and see what the ratio of the properly centered filter to the shifted filter 
was at the specified central wavelength. Although this first cut does not use the actual reflected 
solar spectrum, Ring effect, and all, and it assumes the N0 2 cross section (convolved) lines are 
about 1 nm FWHM and Gaussian shaped (very good approximation), I don't think the result will 
be much different. In order to properly apply the real solar spectrum. Ring, etc., we would need 
to know which pairs we are going to use as the exact amount of inaccuracy will depend on an 
actual retrieval. For example, if the N0 2 line is in on a solar line wing, it may respond 
differently than if it is in a valley. Solar line widths are narrow (80 mA or so), so no matter 
where the N0 2 lines are located, things are not easy. And we don't know the filter wavelengths 
at this time anyway. So this simple analysis will give us a quick look at required accuracies. 
Note that the graph below is for a single wavelength, not a pair. Remember that the filters in the 
wavelength pair could shift in opposite directions, and the ratio curve is nonlinear. 
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Since we will know what the central wavelength of each filter is after they are manufactured, the 
ratio does not give an error in derived N0 2 . Rather it tells us how much differential cross section 
(sensitivity) will be lost if the filter is made at the edge of the specified wavelength interval. For 
example, if we take a 20% loss of sensitivity as the maximum amount we can have, then about 



0. 13 nm is an acceptable shift in a single filter. A specification of +0.1 nm would give a 
sensitivity loss of about 12%. The curve rises steeply as you move off the center wavelength, 
a tenth nm seems about right to me. 

Action Item: 

Don, can Barr do +0. 1 nm ? 


CHyMERA N0 2 Pair Calculations 
G.H. Mount 
12 March 1999 

Very Preliminary (to be redone) 

I have begun looking at the wavelength pair problem and wanted to send out a quick look data 
set. To begin, I just started with the sets that Eric found: 

Group 4: 426.6 [426.48] 431.1 [430.98] 438.0 [437.88] 439.4 [439.28] 

Group 6: 431.1 [430.98] 432.6 [432.48] 438.0 [437.88] 439.4 [439.28] 

Group 10: 432.6 [432.48] 438.0 [438.88] 439.4 [439.28] 450.0 [449.87] 

with [ ] giving air wavelengths from Scott. However, these wavelengths were derived from 
approximate wavelengths Eric used from GOME (Eric's had only one figure after the decimal 
and Scott converted from those). I have taken the Harder, Brault, Johnston and Mount N0 2 data 
set which has a wavelength accuracy better than 1 part in 10 7 , and derived the exact wavelengths 
(in air) for Eric's wavelengths. Thus, the final filter list, assuming we use groups 4, 6, and 10, is: 

426.32, 430.97, 432.53, 437.72, 439.32, and 449.90 nm [air]. 

Figure 1 below shows the peaks and valleys in Eric's groups 4, 6, and 10. 
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Figure 1. N0 2 cross section at 1 nm resolution in air with groups 4, 6, and 10 marked. 





Instead of using GOME data, I decided to try a different tack using Fritz Peak zenith sky data to 
check the quality of fit with these 6 wavelengths. So the data I used were taken with our double 
3/8 m diode array spectrograph which can measure easily to 0.02% absorption levels (see Figure 
1 in my report of 23 February). I reduced the zenith sky data for a day in 1995 (4 April) using 
the complete nonlinear least squares algorithm that we developed at NOAA as well as a constant 
fit, slope fit. Ring spectrum fit, ozone fit, and polarization fit - basically everything except water 
and NOj. It has been used for some years and works very well. This produced N0 2 slant column 
abundance against solar zenith angle (time). Integration times were a few minutes for each data 
point. I then took the following pair ratios to derive independent N0 2 slant abundances at several 
solar zenith angles using data from which everything had been removed except NO r 

449.90/439.32 

439.32/437.72 

439.32/432.53 

432.53/430.97 

430.97/437.72 

430.97/439.32 

430.97/426.32 

426.32/439.32 

This left sky data with a very obvious N0 2 spectrum in it to work from, and from which Ring 
and other things had been removed. .These ratios produced the N0 2 slant columns shown in the 
following two figures as symbols, each one corresponding to a different pair ratio. The solid line 
is the data reduced using the full spectrum with the nonlinear least squares. From this analysis, it 
is clear that the best pairs are: 


439.32/437.72 

439.32/432.53 

The other ones do not fit well, in particular the 430.97/426.32, 430.97/437.72, and 432.53/430.97 
pairs. 

These results are somewhat discouraging, and I plan to redo the analysis and see what I 
get. I would think that the pairs should work equally well on zenith sky data as GOME data, but 
perhaps some one can think of a reason why it would mess up (remember that the Ring spectrum 
was taken into account). The errors are quite large in some cases. 


Let me know what you think. 
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CHyMERA N0 2 Pair Calculations 
G.H. Mount 
24 March 1999 


I have begun looking at the wavelength pair problem. To begin, I just started with the 
sets that Eric found: 


Group 4: 426.6 [426.48] 43 1 . 1 [430.98] 

Group 6: 43 1 . 1 [430.98] 432.6 [432.48] 

Group 10: 432.6 [432.48] 438.0 [438.88] 


438.0 [437.88] 
438.0 [437.88] 
439.4 [439.28] 


439.4 [439.28] 
439.4 [439.28] 
450.0 [449.87] 


with [ ] giving air wavelengths from Scott. These wavelengths were derived from the 
approximate wavelengths Eric used from GOME (Eric's had only one figure after the decimal 
and Scott converted from those). I have taken the Harder, Brault, Johnston and Mount N0 2 data 
set which has a wavelength accuracy better than 1 part in 10 7 , and derived the exact wavelengths 
(in air) for Eric's wavelengths. Thus, the final filter list, assuming we use groups 4, 6, and 10, is: 


426.32, 430.97, 432.53, 437.72, 439.32, and 449.90 nm [air]. 

Figure 1 below shows the peaks and valleys in spectral region 425 - 455 nm. 
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Figure 1. N0 2 cross section at 1 nm resolution in air 425 - 455 nm. 




Instead of using GOME data, I decided to try a different tack using Fritz Peak zenith sky 
data to check the quality of fit with all the reasonable wavelength pairs in this spectral region. 
The data I used were taken with our double 3/8 m diode array spectrograph which can measure 
easily to 0.02% absorption levels (see Figure 1 in my report of 23 February). I reduced the 
zenith sky data for a day (with air pollution - so the column abundance against time was not 
smooth) in 1995 (4 April) using the complete nonlinear least squares algorithm that we 
developed at NOAA with a constant fit, slope fit. Ring spectrum fit, ozone fit, and polarization 
fit - basically everything except water and NO r It has been used for some years and works very 
well. This produced N0 2 slant column abundance against solar zenith angle (time). Integration 
times were a few minutes for each data point. 

I then took Eric’s wavelength pairs to derive independent N0 2 slant abundances at several 
solar zenith angles using data from which everything had been removed except NO r This left 
sky data with a very obvious N0 2 spectrum in it to work from, and from which Ring and other 
things had been removed. These ratios produced the N0 2 slant columns (symbols) shown in the 
following figure, each one corresponding to a different pair ratio. The solid line is the data 
reduced using the full spectrum with the nonlinear least squares, and which should be very 
accurate. The data from Eric’s pairs is not very consistent. The best pairs appear to be numbers 
2 and 3. I used a day with air pollution on purpose, so the curve would not be smooth, but would 
have jumps in it from dirty air containing N0 2 drifting over the instrument field of view. I 
thought this would provide a more stringent test. The next figure shows the ratio of the pair- 
derived N0 2 to the least squares-derived N0 2 plotted against the least squares derived N0 2 , once 
again for Eric's wavelengths. This graph vividly illustrates the quality of the fit. Marked on the 
graph are the 1.00 perfect fit and the +10% and +20% lines for reference. The errors increase 
with decreasing derived N0 2 column abundance as expected. Only ratio number 2 stays within 
±10% over the range of measurements. I reduced pairs down to 4xl0 14 cm 2 inorder to see how 
good the retrieval would be at these low numbers. It will give us a good idea of how we will do 
at low abundances. 
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Figure 2. Slant column N0 2 derived from the least squares analysis (solid line) and from Eric's 
wavelength pairs (symbols) as a function of solar zenith angle (time) for 4 April 1995 at Fritz 
Peak Observatory, Colorado. Observations are of the zenith sky. Ring and all effects except 
NOj and water have been taken into account in the data used to compute the pair ratios and 
deduce NO r The numbers to the right of the pairs are the array numbers in my program. Slant 
column is not smooth due to air pollution (purposely chosen). 
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Figure 3. Ratio of pair-derived N0 2 to least squares-derived N0 2 plotted against least squares- 
derived N0 2 for Eric's wavelength pairs. Marked are the 1.00 perfect fit, and +10% and +20% 
ties. 






The next thing I did was to take all the reasonable wavelength pairs (did not use up to up 
or down to down pairs, only up to down) and redo the analysis. This produced the data shown in 
the next figure. 
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Figure 4. Forty three pairs (including Eric's) used from spectral range 425 - 455 nm as shown in 
Figure 1. Ratio of pair-derived N0 2 column to least squares-derived N0 2 column plotted against 
solar zenith angle. 

There is a lot of variation about the perfect fit (1.00) with peak to peak variation as high as a 
factor of 5 high and over a factor of 20 low. This is not surprising since no selection factors 



were applied to the data. The next figure shows the same data plotted against least squares- 
derived NO r 



Figure 5. Same data as figure 4 plotted against least squares-derived column N0 2 . 
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I reduced the data down to 4xl0 14 to show how good the accuracy is at these low column values. 
Some of the pairs are still good here. The next figure shows selected wavelength pairs where the 
selection has been chosen to be in the +10% band about a perfect fit down to 5xl0 15 . 



Figure 6. Same data, but selected to fit into the +10% band about a perfect fit above 5x10 
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There are still large outlyers below 5xl0 15 . The next graph shows the same data, but with pairs 
selected to fit within +10% down to 3xl0 15 . 
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Figure 7. The same data, but selected to fit within +10% of a perfect fit to the least squares to 3 
xlO 15 . 




This final graph shows that the best fits are obtained with one of Eric's pairs, but the other good 
pairs are different, and one is quite surprising (19) given the wavelength separation and the usual 
problems with understanding slopes and things between separated lines. 

Looking at this data, it is quite perturbing. I have ignored water, and Eric has worked 
with water. But I find the most of the pairs suggested by his analysis do not work well. On the 
bright side, it is amazing that pairs 2 and 25 fit within +10% all the way to less than lxlO 15 
column; very encouraging for the pair idea. It is also interesting, as Eric found, that the usual 
wavelength pair used by people doing pair work, 439.32/441.88, does not work at all well in 
either this analysis or Eric's. The next figure shows this plot individually. The fit is not good. 



Figure 8. The fit for a wavelength pair often selected as best for pair analysis. Shown is the 
1.00 perfect fit; +10% and + 20%. The fit is terrible. 

I need to repeat this analysis on another data set, and I need to spend some time thinking 
about all this. We need to better understand why Eric's wavelength pairs do not fit as well as I 
would have thought given the thoroughness of his analysis. Perhaps Eric could give his analysis 
of the pairs shown in Figure 7. And we need to choose a good null pair, one that goes through 
the analysis that Eric has performed on the N0 2 pairs, so we make an intelligent choice. I will 
procede to analyse another data set to see if these numbers hold up. I will also begin a shifting of 
wavelength centers for the pairs and do an error analysis. 

Scott - when do you need a final set of filter wavelengths?? Thoughts from you all?????? 





CHyMERA N0 2 Pair Calculations 
Effect of Shifts in Filter Bandpass on Derived NO, 

G.H. Mount 
26 March 1999 

Figure 1 below shows the peaks and valleys in spectral region 425 - 455 nm. These are 
the pairs that I have concentrated on studying. 
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Figure 1. N0 2 cross section at 1 nm resolution in air 425 - 455 nm. 

I used Fritz Peak zenith sky data to check the quality of fit with all the reasonable wavelength 
pairs in this spectral region. The data I used were taken with our double 3/8 m diode array 
spectrograph which can measure easily to 0.02% absorption levels (see Figure 1 in my report of 
23 February). I reduced the zenith sky data for a day (with air pollution - so the column 
abundance against time was not smooth) in 1995 (4 April) using the complete nonlinear least 
squares algorithm that we developed at NO AA with a constant fit, slope fit, Ring spectrum fit, 
ozone fit, and polarization fit - basically everything except water and N0 2 . It has been used for 
some years and works very well. This produced N0 2 slant column abundance against solar 
zenith angle (time). Integration times were a few minutes for each data point. 

I then took Eric's wavelength pairs to derive independent N0 2 slant abundances at several 
solar zenith angles using data from which everything had been removed except N0 2 . This left 
sky data with a very obvious N0 2 spectrum in it to work from for each solar zenith angle, and 
from which Ring and other things had been removed. These ratios produced the N0 2 slant 



columns (symbols) shown in the following figure, each one corresponding to a different pair 
ratio. The solid line is the data reduced using the full spectrum with the nonlinear least squares, 
and which should be very accurate. You have already seen this figure. I used a day with air 
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pollution on purpose, so the curve would not be smooth, but 

Figure 2. Slant column N0 2 derived from the least squares analysis (solid line) and from Eric's 
wavelength pairs (symbols) as a function of solar zenith angle (time) for 4 April 1995 at Fritz 
Peak Observatory, Colorado. Observations are of the zenith sky. Ring and all effects except 
N0 2 and water have been taken into account in the data used to compute the pair ratios and 
deduce N0 2 . The numbers to the right of the pairs are the array numbers in my program. Slant 
column is not smooth due to air pollution (purposely chosen). 



would have jumps in it from dirty air containing N0 2 drifting over the instrument field of view. I 
thought this would provide a more stringent test. The next figure shows the ratio of the pair- 
derived NOj to the least squares-derived N0 2 plotted against the least squares-derived N0 2 , once 



again for Eric's wavelengths. This graph illustrates the quality of the fit. 


Figure 3. Ratio of pair-derived N0 2 to least squares-derived N0 2 plotted against least squares- 
derived N0 2 for Eric's wavelength pairs. Marked are the 1.00 perfect fit, and +10% and +20% 
lines. 



Figure 4 shows the same data, but with shifts randomly selected for +0. 1 run in the filter 
central wavelength. 



Figure 4. Eric's wavelengths with shifts ±0.1 nm. 

The errors are larger, as expected, but the fits are not very good to start out with, so the next 
figures show the effect on the best wavelength pairs in the spectral region 425 - 455 nm for fits 
within ±10% above 5xl0 15 cm 2 . 
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Figure 5 shows the pair-derived N0 2 ratioed to the least squares-derived N0 2 plotted 
against the least squares-derived N0 2 column and sorted for 10% agreement for columns greater 
than 5xl0 15 cm' 2 . 
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Figure 5. Pair-derived N0 2 ratioed to the least squares-derived N0 2 plotted against the least 
squares-derived N0 2 column and sorted for 10% agreement for columns greater than 5xl0 15 cm' 2 . 








ratio of pair NO 2 column to LS NO 2 column 


The following graphs show the effect of an error range +0. 1 and 0.2 nm shifts in the centers of 
the filter pairs chosen in Figure 5. 
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Figure 6. Same as Figure 5, but with filter centers shifted 0.2 nm randomly. 
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Figure 7. Same as Figure 5, but shifts 0.1 nm. 

The next figures show the results for the best pairs, as identified in the report of 3.24.99. 
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Figure 8. The best fitted pairs over the range of N0 2 column (report 3.24.99) with no shift. 
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Figure 9. Same as Figure 8, but shifted +/-0.1 nm. 

These results show that generally the results stay within the 10% error bars and, with one 
exception, within 20% of recovered N0 2 when shifted by the error we were planning on giving to 
Barr (+0. 1 nm), and all as Eric has shown in the past. 

Thus, it seems we have made a good choice of error for the filter centers at ±0. 1 nm.. 






CHyMERA N0 2 Null Pair Calculations 
G.H. Mount 
30 March 1999 

Figure 1 below shows the N0 2 cross section peaks and valleys in spectral region 425 - 455 nm. 
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Figure 1. N0 2 cross section at 1 nm resolution in air 425 - 455 nm. 

I have begun looking at wavelength pairs for a null N0 2 determination (one where the 
cross sections at two wavelengths are equal) in order to provide an estimate of noise, etc. since a 
null pair should return no derived N0 2 signal. This will be essential to proving the error budget 
out, and demonstrating that we don't see it when we should not. Obviously, there are nearly an 
infinite number of pairs that can be used just based on cross section equality. Therefore, I have 
concentrated on pairs where equal cross section to a peak or valley wavelength can be obtained 
at another wavelength; and for some pairs (on the red side of Figure 1) just taken points half way 
up/down the spectral features that correspond for several lines. The initial results for a large 
number of null pairs is shown in Figure 2. Plotted is the difference in normalized residual ratio 
against solar zenith angle. The N0 2 cross section does not come into play here since the 
difference between the wavelength pairs is zero. The numbers vary about ±0.6%, a quite large 
number. 
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Figure 2. Plotted is the difference in normalized residual ratio against solar zenith angle for a 
number of null wavelength pairs. The N0 2 cross section does not come into play here since the 
difference between the wavelength pairs is zero. 

Sorting for the best null pairs. Figure 3 below is produced. Here the scale is +0.1%. The best 
null pair is the one numbered rl5. It is within about 0.02% of zero for all solar zenith angles. 
The wavelengths of this null pair are approximately 426.32 and 429.57 nm. One of these 
wavelengths is on both Eric's and George's recommended wavelength list (426.32 nm). 
However, the cross section at 426.32 nm is 4.66 x 10' 19 cm 2 and the cross section at the other 
feature is 4.67 x 10' 19 . Thus, technically we cannot choose the pair as 426.32/429.57 since the 
cross section difference is not zero and there is no way to get the second feature to 4.66 - it just 
does not dip that low. The wavelengths corresponding to 4.66 x 10' 19 at the 426.32 dip are 



426.22 and 426.41 nm, or about +0.1nm from the center of the spectral feature. Since this is 
within the tolerance for Barr Associates, it seems that use of the 426.32 nm wavelength filter as 
one part of the N0 2 null pair will work just fine. 
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Figure 3. The best null pairs chosen from Figure 2. The best pair is the [426.41, 426.22] / 
429.57 nm pair, rl5. 

Thus, the recommended filter wavelengths for the null pair are: 426.32 and 429.57 nm. This 
conveniently adds another cross section valley to the list, although the quality of N0 2 pair 
retrieval using 429.57 nm according to both George and Eric, is poor. 

Eric - do you have some thoughts on null pairs???? 
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Figure 2. Data for 15 January plotted against the least squares abundances. 





Figure 3. Same as in the 24 March report for 4 April and Eric's pairs. 

The coding for the colors and symbols is the same in the three figures with the actual wavelength 
code in Figure 3. The interesting thing is that ratios which fit best in the 4 April data (ratios 2 
and 3) are still the best fits, but in the winter data the fits between 1 x 10 15 and 6 x 10 15 are quite 
poor (for all the Eric pairs). I do not understand this. I continued repeating the analysis of 24 
March with 43 pairs of wavelengths including Eric's. 





Figure 4. The same 43 pairs of wavelengths selected for the 4 April analysis (Fig 5, 24 March 

report) 


There is a wide range of returned N0 2 columns from the various pairs, just as there was before. 
Figure 5 shows the same data, but with most of the outlyers removed, but pairs 2 and 3 left in 
since these overlap Eric's wavelengths and they both fit within ±10% to 5 x 10 15 in the 4 April 
data set [note I screwed up the color and symbols here - they are not the same as above]. Both of 
these pairs fit poorly now. The best fit pairs are now: 17, 9, 19, and 30 which use wavelengths 
426.32, 439.22, 441.88, 446.62, 448.07, and 449.90. Of these three are on Eric's original list, 
and four are on the best wavelength pair list from the 24 March analysis. 



CHyMERA N0 2 Pair Calculations 
G.H. Mount 
7 April 1999 

I have taken another set of Fritz Peak data, and repeated my analysis reported on 24 
March. This time I chose a day in winter with small values of slant column N0 2 and a long slow 
move through twilight figuring that might give us a better handle on what is happening at low 
values so we could see what the noise might be better. The date chosen was 15 January 1995 
(the date for the 24 March report was 4 April, which was chosen as as polluted day to see if the 
pairs repeated the jumps in column) which was a clean, clear day with a veiy smooth zenith 
angle dependence. I started with Eric's wavelength pairs. Remember that his air wavelengths 
are: 426.32, 430.97, 432.53, 437.72, 439.32, and 449.90 nm [air]. The wavelengths that fit best 
from the FPO data that overlapped Eric's were 426.32, 437.72, 439.32. 

The data was reduced in the same manner as for the 24 March report. Figure 1 below shows the 
zenith angle dependence of the pair-derived N0 2 as well as the least squares N0 2 fit to the entire 
spectrum. Codes are the same as in the March report, and are shown here in Figure 3. 
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Figure 1. Zenith angle dependence of the 15 January data for Eric's wavelengths. 


Figure 2 below shows the same 15 January data plotted against least squares abundances derived 
from the entire spectrum for Eric's wavelength list. Figure 3 shows the data for 4 April directly 
out of the 24 March report. 
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I cannot say that I understand why things are so different in the 15 January data set. It is a real 
data set taken at a different time of the year, so certainly changes are expected. But the lack of 
any good fit in the high x 10 15 abundances is quite perturbing. The fits where expected to be 
good (above 1 x 10 16 ) vary about 10%, a surprisingly large number. The fits in this region for the 
4 April data set were also high like this (~ 10%). Why it is not symmetric, I do not know. 

I plan to do some more analysis and try to see how much this all varies. I think that with 4 of 
Eric's 6 wavelengths confirmed, that the list is likely okay. The problem I see is "why it does not 
fit better to the least squares data". The 4 April data set fit pretty well across the full range of 
N0 2 slant column. 


CHyMERA 



NOj Temperature Dependence Problems 
30 May 1999 
G H Mount 

In our meeting earlier this week, we discussed the potential effects of N0 2 cross section 
temperature dependence on retrievals and whether or not there is any way that we can minimize 
the effect through a judicious choice of wavelengths. As the temperature is lowered, the N0 2 
spectrum narrows and the peaks separate more from the valleys, all as expected. Thus, the 
observed satellite column observations of the stratosphere (cold) and tropospheric boundary 
layer (warm) are always a mixture of the different temperature regimes which require different 
cross section blends for proper analysis. There is not enough information in a column to 
uniquely choose a blend, so usually a single temperature is chosen. Figure 1 shows our final 
selection of N0 2 wavelengths for CHyMERA at 1 nm resolution and 238°K, a temperature 
characteristic of the stratosopheric N0 2 layer at about 27 km. 



air wavelength (nm) 


Figure 1. N0 2 wavelengths selected for CHyMERA at lnm resolution. Null pair is 426.3, 429.6 
nm. 


Figure 2 shows the N0 2 cross sections at 238°K and 293°K. The warmer cross section has a 
smaller peak to peak variation, as expected. 




Figure 2. N0 2 cross sections at 238°K and 293°K at 1 nm spectral resolution 
Figure 3 shows the final wavelength selection for N0 2 and the associated cross sections 



Figure 4 shows all the possible pair ratios at the two temperatures, even ones we would not 
consider using, plotted against a "pair index number" which is listed in probably unreadable form 
on the graph. Here is a readable form with the cross section differences [x 10' 19 ] shown so the 
useful pairs can be identified 





0 

413.42/416.17 

1.99 

I 

413.42/426.32 

2.35 

2 

413.42/429.57 

2.40 

3 

413.42/430.96 

1.12 

4 

413.42/432.54 

2.31 

5 

413.42/435.15 

0.46 

6 

413.42/437.73 

2.89 

7 

413.42/439.32 

0.61 

8 

416.17/426.32 

0.36 

9 

416.17/429.57 

0.41 

10 

416.17/430.96 

0.87 

11 

416.17/432.54 

0.33 

12 

416.17/435.15 

1.53 

13 

416.17/437.73 

0.90 

14 

416.17/439.32 

1.38 

15 

426.32/429.57 — null 

0.04 

16 

426.32/430.96 

1.22 

17 

426.32/432.54 

0.04 

18 

426.32/435.15 

1.89 

19 

426.32/437.73 

0.54 

20 

426.32/439.32 

1.74 

21 

429.57/430.96 

1.27 

22 

429.57/432.54 

0.08 

23 

429.57/435.15 

1.94 

24 

429.57/437.73 

0.49 

25 

429.57/439.32 

1.79 

26 

430.96/432.54 

1.19 

27 

430.96/435.15 

0.68 

28 

430.96/437.73 

1.76 

29 

430.96/439.32 

0.51 

30 

432.54/435.15 

1.86 

31 

432.54/437.73 

0.57 

32 

432.54/439.32 

1.70 

33 

435.15/437.73 

2.43 

34 

435.15/439.32 

0.16 

35 

437.73/439.32 

2.28 


The most useful pairs are the ones not near 1 .00, except for the selected null pair, which is index 
number 15. As expected, the null pair index 17 has an equally small cross section difference, but 
an even small temperature dependence. Thus, we have two null pairs which could work equally 
well, although pair 15 worked better in the real analysis. In any case. Figure 5 shows the final 
result, which is the ratio of the pair ratios at the two temperatures. Thus, Figure 5 indicates the 
change in cross section ratio between the two temperatures. This figure shows that index 17 may 
be somewhat better as a null pair than the originally selected index 15. 





pair index number 

Figure 5. Ratio of pair ratios at the two temperatures vs. index number of pair. 

This final graph shows the temperature sensitivity of the various pairs. In all cases, the 
maximum change in using an incorrect temperature for the reduction is about +5%. This is 
certainlly an acceptable error. 

In conclusion, there appears to be no significant reason to select wavelength pairs based on 
temperature. 





Appendix B - Barr Associates Filter Measurements 



1/20/2000 




CHyMERA Filter Strips. 16 Filters with dimensions 33 mm X 1.34 
2 Edge filters with dimensions 33 mm X 5.34 mm 
Overall Dimensions: 33 mm X 33 mm X 6.2 mm thick 


Filter (nm 


310.7 

thickness (mm) 
312 

313.1 
317.4 

322.2 

329.2 
339.9 


387.9 

393.3 


413.4 

416.2 

426.3 

429.6 
431 

432.5 
435.1 

437.7 

439.3 


Glassl 


Glass2 


All Wavelengths in air 




Schott UBK7 


Glass3 


1.1 





Schott UG11 _[ Schott UBK7 
4 | Tl 


Schott UG11 


Schott UBK7 


Schott UBK7 

L...„ Sch °tt Liun ; Schott UBK7 

U 4 — t ri 

Schott UBK/ 

Schott UG11 j Schott UBK7 1 


Schott UBK7 I Schott UG1 1 

""iT t T 


Schott BG3 


..?.9D°?.P G3 [Phila Optics BGG28 
2 




--?£ t ]?. t !.?_2_70 j Phila Optics BGG22 i Schott B270 
1.6 


Schott B270 [Phila Optics BGG22 
16 


-Schott B270 i Phila Optics BGG22j Schott B270 
1.6 


Schott B270 


1.6 


Schott B270 [Phila Optics BGG22 
.... - 





1.6 


Schott B270 


1.6 




Schott B270 


Sd£ttM70 [Phila Optics BGG22! Schott B270 
* c r ” z, — f- — ---- — - — - — — 


Refractive index of glasses 


UQ11 (wavelength - nmll 280.3 


1.6 

UBK7 


296.7 


1.5538 


302.1 


1.55 


435.83 


1.572 


546 


1.5251 



m&i-.rrr.M-j't'Zz 



365 


1.57 


312.6 


1.54852 


435.8 


1.52 


483.13 


1.566 


588 


1.523 


587.6 


1.55 


334.1 


1.54266 


587.6 


1.51 


546.07 



365 


1.53622 


1014 


1.5 












































































CHyMERA Detector Location and Depth Measurements* 

1/10/2000 (V. Bly and S. Janz) 

A travelling microscope with a precision (xyz)-translation station in Code 553 was used to measure the 
flatness of the detector, depth, and centeredness with respect to the dectector housing. All measurements 
are +/- 0.005 mm. 



Detector Flatness: 


Left to right; 0.0 1 0 mm 
Top to bottom: 0.014 mm 

Centeredness: This was measured from the detector substrate edge to the inside wall of the o-ring groove. 

Left: 46.070 mm 

Right: 46.421 mm 

Top: 46.416 mm 

Bottom: 45.916 mm 





CHYMERA Filter Measurements 12/29/99 V.T. Bly Code 553 GSFC 


Silver Bar 


shades of blue 
shades of blue 

Purple Bar 


VARIATION IN HEIGHT (THICKNESS) : 


Silver 

Bar : 

If. side 
-0.00215 

rt. side 
+0.00000 

rt. side 
+0.00010 

delta 

0,00010 

1 


-0.00195 

-0.00010 

+0.00050 

0.00040 

2 


-0.00085 

+0.00105 

+0.00100 

0.00005 

3 


-0.00070 

+0.00105 

+0.00110 

0.00005 

4 


+0.00035 

+0.00155 

+0.00165 

0.00010 

5 


+0.00055 

+0.00170 

+0.00165 

0.00005 

6 


+0.00055 

+0.00180 

+0.00195 

0.00015 

7 


+0.00055 

+0.00215 

+0.00195 

0.00020 

8 


+0.00155 

+0.00215 

+0.00215 

0.00000 

9 


+0.00155 

+0.00310 

+0.00330 

0.00020 

10 


+0.00145 

+0.00335 

+0.00325 

0.00010 

11 


+0.00140 

+0.00410 

+0.00405 

0.00005 

12 


+0.00145 

+0.00400 

+0.00405 

0.00005 

13 


+0.00195 

+0.00400 

+0.00405 

0.00005 

14 


+0 . 00205 

+0.00450 

+0.00440 

0.00010 

15 


+0.00240 

+0.00450 

+0.00440 

0.00010 

16 


+0.00260 

+0.00465 

+0.00440 

0.00015 

Purple 

Bar: 

+0.00020 

+0.00250 

+0.00265 

0.00015 

Purple 

Bar: 

+0.00370 

+0.00585 

+0.00610 

0.00025 


If side 

rt side 
meas 1 

rt side 
meas 2 

delta 
|ml-m2 | 


Overall thickness at right side of silver bar — 0.236” +/-0.0005", 
thickness at other locations varies as tabulated above. 


MICROMETER MEASUREMENTS : 

width (left to right): 1.299" +/-0.001" 

height (purple to silver): 1.299" +/-0.001" 













































































































393 CHYMERA CWL * 393.56 NM/BW = 0.81 NM 



NOISSIWSNVdl % 


WAVELENGTH(ANGSTROMS) 







413 CHYMERA CWL = 413.64 NM/BW = 0.95 NM 



NOISSIWSNVH1 % 


WAVELENGTH(ANGSTROMS) 




CHYMERA 416 - CWL=41 6.60NM/BW=0.99NM 



NOISSIWSNVbl % 


WAVELENGTH (ANGSTROMS) 






426 CHYMERA CWL = 426.53 NMABW = 1.01 NM 



NOISSIWSNVW1 % 


WAVELENGTH(ANGSTROMS) 






429 CHYMERA CWL = 429.76 NM/BW = 1.00 NM 



NOISSIWSNVUJL % 


WAVELENGTH(ANGSTROMS) 






CHYMERA 431 - CWL=431 .24NM/BW=1 .06NM 



WAVELENGTH (ANGSTROMS) 





432 CHYMERA CWL = 432.77 NM/BW = 1.04 NM 



NOISSIWSNVai % 


WAVELENGTH(ANGSTROMS) 






100 



NOISSIWSNVU1 % 


335 4337 4339 4341 4343 4345 4347 4349 4351 








CHYMERA 438 - CWL=437.98NM/BW=0.98NM 



NOISSIWSNVyi % 


WAVELENGTH (ANGSTROMS) 






CHYMERA 439 - CWL=439.57NM/BW=1 .08NM 



WAVELENGTH (ANGSTROMS) 







Appendix C - Coastal Optics Wide field telescope 



1/20/2000 


System/Prescription Data 


File s C:\ZEMAX\SAMPLES\q99137 w_filters 
Title: f/4.86 With Filters AS Manu 
Date : WED DEC 1 1999 


Configuration 3 of 3 
LENS NOTES: 


As 


as manu.ZMX 




Notes* . . 


bJr7tf fir c -7rfiZ : 

fL+OH 


GENERAL LENS DATA: 


7&c{cv£ss £$ 


Surfaces 

Stop 

System Aperture 
Glass Catalogs 
Ray aiming 
X Pupil shift 
Y Pupil shift 
Z Pupil shift 
Apodization 
Eff. Focal Len. 
Eff. Focal Len. 
Back Focal Len. 
Total Track 
Image Space F/# 
Para. Wrkng F/# 
Working F/# 

Image Space N. A. 
Ob j . Space N. A. 
Stop Radius 
Parax. Ima. Hgt. 
Parax. Mag. 

Entr. Pup. Dia. 
Entr. Pup. Pos. 
Exit Pupil Dia. 
Exit Pupil Pos. ' 
Field Type 
Maximum Field 
Primary Wave 
Lens Units 
Angular Mag. 


i 22 

8 

: Entrance Pupil Diameter =3.8 
schott I_line MISC OLDjSCHO 
Paraxial Reference, cache on 
0 
0 
0 

Uniform, factor * 0.00000E+000 

18.54396 (in air) 

18.54396 (in image space) 
0.2582848 
330.55 
.. 4.879988 

4.879988 
4.886542 
0.1019257 
1 . 413611e-006 
5.938541 
26.22363 
-1.379681e-005 
3.8 
75.44582 
5362.378 
-26168.08 

Object height in Millimeters 
1900702 
0.4162 
Millimeters 
0.0007086409 


fi7/t - 


Fields : 5 

Field Type: Object height in Millimeters 
# X-Value Y-Value Weight 

1 0.000000 0.000000 2.000000 

2 0.000000 480000.000000 1.000000 

3 0.000000 960000.000000 1.000000 

4 0.000000 1344000.000000 .1.000000 

5 0.000000 1900702.000000 0.600000 


Vignetting 
# VDX 

1 0.000000 

2 0.000000 

3 0.000000 

4 0.000000 

5 0.000000 


Factors 

VDY 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 


vex 

0.000000 
0 . 000000 
0.000000 
0.000000 
0.000000 


VCY 

0.000000 

0.000000 

0.000000 

0.000000 

0.000000 


Wavelengths : 9 
Units: Microns 

# Value Weight 

1 0.413400 1.000000 




2 

• • 0.416200 

1.000000 

■3 

0.426300 

1.000000 

4 

.0.429600 

1.000000 

5 ’ 

0.431000 

1.000000 

6 

0.432500 

1.000000 

7 

0.435100 

1.000000 

8 

0.437700 

1.000000 

9 

0.439300 

1.000000 

SURFACE DATA SUMMARY 

: 

Surf 

Type 

Comment 

OBJ 

STANDARD 


1 

STANDARD 


2 

STANDARD 

AS MANU #1 - 

3 

STANDARD 

AS MANU #1 

4 

STANDARD 

AS MANU #1 

5 

STANDARD 

AS MANU #1 

6 

STANDARD 

AS MANU #1 

7 

STANDARD 

AS MANU #1 

STO 

STANDARD 


9 

STANDARD 

AS MANU #1 

10 

STANDARD 

AS MANU #1 

11 

STANDARD 

AS MANU #1 

12 

STANDARD 

AS MANU #1 

13 

STANDARD 

AS MANU #1 

14 

STANDARD 

AS MANU #1 

15 

STANDARD 

AS MANU #2 

16 

STANDARD 

AS MANU #2 

17 

STANDARD 

FILTER 

18 

STANDARD 

FILTER 

19 

STANDARD 

FILTER 

20 

STANDARD 

005" AIRSPACE 

21 

STANDARD 

CCD WINDOW 

IMA 

STANDARD 



SURFACE DATA DETAIL: 


Radius 

Thickness 

Glass 

Infinity 

1344000 


Infinity 

17.0688 


-256.205 

16.077 

CAF2 

37.005 

62.787 


242.47 

11.085 

I-BAL35Y 

- 67.06 

0.713 


-120.82 

26.929 

CAF2~ 

31.22 

46.63468 


Infinity 

12 


111.04 

30.306 

CAF2 

-59.51 

16.214 


-120.35 

3.496 

I-PBL6Y 

41.82 

1.96 


50.5 

9.823 

CAF2 

-64.83 

0.532 


45.08 

12.69236 

CAF2 

-166.28 

54.90516 


Infinity 

1.6 

B270 

Infinity 

3 

skt r 

Infinity 

1.6 

B270 

Infinity 

0.127 


Infinity 

1 

SILICA 

Infinity 




Surface OBJ 
Surface 1 
Surface 2 
Comment 
Coating 
Surface 3 
Comment 
Coating 
Surface 4 
Comment 
Coating 
Surface 5 
Comment 
Coating 
Surface 6 
Comment 
Coating 
Surface 7 
Comment 
Coating 
Surface STO 
Surface 9 
Comment 
Coating 
Surface 10 
Comment 
Coating 
Surface 11 
Comment 


: STANDARD 
: STANDARD 
: STANDARD 
: AS MANU #1 
: HEAR1 
: STANDARD 
: AS MANU #1 
: HEAR1 
: STANDARD 
: AS MANU #1 
: HEAR1 
: STANDARD 
: AS MANU #1 
: HEAR1 
: STANDARD 
: AS MANU #1 
: HEAR1 
: STANDARD 
: AS MANU #1 
: HEAR1 
: STANDARD 
: STANDARD 
: AS MANU #1 
: HEAR1 
: STANDARD 
: AS MANU #1 
: HEAR1 
: STANDARD 
: AS MANU #1 


Coatiilg 
Surface 12 
Comment 
Coating 
Surface 13 
Comment 
Coating 
Surface 14 
Comment 
Coating 
Surface 15 
Comment 
Coating 
Surface 16 
Comment 
Coating 
Surface 17 
Comment 
Coating 
Surface 18 
Comment 
Surface 19 
Comment 
Surface 20 
Comment 
Surface 21 
Comment 
Surface IMA. 


HEAR1 

STANDARD 

AS MANU #1 

HEAR1 

STANDARD 

AS MANU #1 

HEAR1 

STANDARD 

AS MANU #1 

HEAR1 

STANDARD 

AS MANU #2 

HEAR1 

STANDARD 

AS MANU #2 

HEAR1 

STANDARD 

FILTER 

HEAR1 

STANDARD 

FILTER 

STANDARD 

FILTER 

STANDARD 

• 005" AIRSPACE 

STANDARD 

CCD WINDOW 

STANDARD 


MULTI-CONFIGURATION DATA: 


Configuration 

Wavelength 

1 

Wavelength 

2 

Wavelength 

3 

Wavelength 

4 

Wavelength 

5 

Wavelength 

6 

Wavelength 

7 

Wavelength 

8 

Wavelength 

9 

Glass 

17 

Glass 

18 

Glass 

19 

Thickness 

17 

Thickness 

18 

Thickness 

19 

Configuration 

Wavelength 

1 

Wavelength 

2 

Wavelength 

3 

Wavelength 

4 

Wavelength 

5 

Wavelength 

6 

Wavelength 

7 

Wavelength 

8 

Wavelength 

9 

Glass 

17 

Glass 

18 

Glass 

19 

Thickness 

17 

Thickness 

18 

Thickness 

19 

Configuration 

Wavelength 

1 : 


0.3107 

0.312 

0.3131 

0.3174 

0.3222 

0.3292 

0.3399 

0.3399 

0.3399 

UBK7 

UBK7 

UBK7 

1.1 

4 

1.1 


0.3879 

0.3879 

0.3879 

0.3879 

0.3933 

0.3933 

0.3933 

0.3933 

0.3933 

BK1 

SK11 

B270 

2 

2.7 

1.5 

3: 

0.4134 


Wavelength 2 : 0.4162 
Wavelength 3 : 0.4263 
Wavelength 4 : 0.4296 
Wavelength 5 : 0.431 
Wavelength 6s 0.4325 
Wavelength 7s 0.4351 
Wavelength 8 s 0.4377 
Wavelength 9 s 0.4393 
Glass 17 s B270 
Glass 18 s SK11 
Glass 19 s B270 
Thickness 17 s 1.6 
Thickness 18 s 3 
Thickness 19 s 1.6 


HB0000.00 


LUC^- 

3CSJ 

HZ 
q: re 
are 


o ^ 

H 05 


CJ i— 

Z a. 

13 O 
LL 


a a: 

LU i— 
LL C/3 

(/) cn 
z a 
cc c_d 
a 

h- 


Sh 

CDC/J 

3-LU 


dio 3Hi do srnnaow 


o 

H & 
H u 
CJ H 
CE D Z 
a Z 
LL CE 0^ 
LL 21 0 s 
H n 
O C/D re 
a: 

cj s 
H C/D 
H Qt O 

CE HI I- 
21 I 

a _i n 

a HQ'S 
X LLO' — 

cj o^re 

>“ X-H - 

J h s 

O |— I «— • 

X 3 a 
CJO 
^3 LULL 
COD 
- CE 

3-ai- 

\LUCE 

LL3Q 





9600190 








□ ^ 
H CJ 


LLI IV 
Z>S 
H=r 
an 

^LL 




U |— 
Z CL 
ZJ o 
IL 


□c a= 

LLI I — u * 
LL C/3 Si— 
C/1 cn DD c /3 

Z O rr LU 
CE CJ T3 


-Si 

ODa 

D 

'U 

vOZ 

U)u 


d±o 3 hi do smnaow 


t 



- 


C/3 


Z 


o 




u 


H 

D 

z 

Z 


CE 

n 

Z 

O' 


n 

C/D 

3“ 

CE 

- 


s 

C/1 


DC 

CD 

LU 

h- 

1- 


_l 

3" 

Hern 

LLCJ' 

— 1 

0 s n- 

i — 

- 

1— 

s 

H 


3 

DC 

uo 

"OLULL 

CD a 


- 

CE 

F/H 

WED 

□AT 






20 , 00 

22,50 



s 

s 

63 

S 

S 

S 

S 

S 

63 

LD 

S 

lf3 

63 

ID 

S 

LD 

20 

17 

15 

CN 

S 

N 

LD 

CN 


C/3 LUC^. (O 
z: Z> 69 W 
LU HT (T> 
i — W 

c/3 an 

00 jy 

, <r 

^ U--T 

u!tu v. 


□_ t cd 

CD £_ 


=! ad 

^ wg: 

^2 Sh 

cn ®c/j 

O 3“ HI 
CJ 3-3 


I- 

a 

a_ 

C/3 3 

c/3 a: 
s: z 
a 

C/3 

CE 


SNoaoiw ni sniaua iods swa 


c/3 

a 

LU 

i- 

_i 

H C3 V 
LLO^ 

0 s 
I — 
h- 

H — 

U>- 

>0LU_l 

ana 
- 0. 
3"D 
\LU 
LL3 





lo _i 

s _J 
s H 


C/3 LUIS 
TZ DS 
LU HJ 
i — an 
C/3 □ n 

^ ^LL 
_i CE 
CC U-T 

cj ft 5 

i— I Her 

I— LLI 

cl -r£D 


E Sf 


C£ CSJ(- 

cn 00 ^ 

O rLU 
CJ T3| 


LU 

s z 

Ln h 

o' a 

_i 



CO 

ID 

H 

□ 

CE 

CK C/3 
O' 
H- LU 
O \— 
0 - _l 
CO H 

M “■ 

if 

H 


m 


s 

s 

S 

S 

S 

S 

s 

s 

S 

& 

io 

s 

LO 

S 

LO 

S 

10 

s 

LO 

s 

lir 

cn 

s 

IS 

LTD 

CN 

s 

s 

LO 

CN 

s 

cn 

CN 

(N 

fH 

— 

1 







3 * 

\ 

LLO' 

O' 

ZCJ' 


LO — 


~SNoaaiw ni ~snxaea xods swa 


C0U>- 
— LU_1 

□o 

H Q_ 

coa 

aiu 

U3 








Transmittance % 


ACTON RESEARCH CORPORATION 

CAMS-507 Vacuum Spectrophotometer 


Filename: AJ2_X2_0 1 

300-450nm AR on CaF2 
Peak: 98.7 at 430.00 nm 
Date: 11/23/99 10:59:12 AM 


Coastal Optical Broadband AR 



Wavelength (nm) 


300-450nm Broadband AR, CaF2 
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